To the Editor, Various analytical interferences are widely appreciated in laboratory medicine, for example, rheumatoid factors and precipitations caused by the monoclonal immunoglobulin during the reaction. Here, we present the remarkable case of an 82-year-old man admitted to hospital for a general health check-up. A serum C-reactive protein (CRP) (determined by immunonephelometry [monoclonal assay], Siemens BN II, Marburg, Germany) was markedly increased (300 mg/L; reference values <5 mg/L) [1] , despite the absence of other laboratory signs of inflammation (see Table 1 ). The increased CRP values were confirmed repeatedly over a period of 3 months. Thorough clinical investigations did not reveal any signs of an ongoing inflammatory process. In contrast, polyclonal immunoturbidimetric CRP assays (e.g. Alinity, Abbott, Lake Forest, IL, USA) showed a moderately elevated CRP value (18.9 mg/L, Alinity, Abbott). Capillary electrophoresis of the patient's serum proteins (Sebia Capillarys, Norcross, GA, USA) revealed two small monoclonal immunoglobulin fractions.
Ethical approval was obtained by the Ethics Committee of Ghent University Hospital: "Use of residual material for quality assurance of laboratory analyses and continuous improvement of diagnostic possibilities" ( reference 2015/0004).
An analytical error in the immunonephelometric assay was therefore suspected. Careful analyses of the nephelometer reaction kinetics showed a slower formation rate of the immune complexes. Sample pretreatment with heterophilic blocking antibodies (heterophilic blocking tubes [HBT] Scantibodies, Santee, CA, USA) did not result in a decrease of the nephelometric signal. Additionally, the rheumatoid factor was negative (<11 U/L).
CRP can be selectively isolated through its high affinity for p-aminophenyl phosphoryl choline. Therefore, affinity chromatography was performed of the patient's serum against immobilized p-aminophenyl phosphoryl choline gel (Thermo Fisher Scientific, Waltham, MA, USA) [2] . The immunonephelometry signal for CRP remained strongly positive in the eluate (i.e. accounting for approximately 290 mg/L 'CRP'), further confirming a false positive signal. The retentate (supposed to contain 'real' CRP), contained an amount of CRP (polyclonal immunoturbidimetic CRP assay [Alinity, Abbott]): 13 mg/L; monoclonal immunonephelometric CRP assay ([BN II, Siemens]: 16 mg/L), equal to the result obtained for the serum by polyclonal immunoturbidimetric assay. These results thus confirm that the interference is specific for the monoclonal immune-nephelometric assay.
Subsequently, the interfering protein, i.e. present in the eluate, was bound to latex particles originating from the immunonephelometric CRP assay. Following elution (0.1 M glycine buffer; pH 2.75) from these anti-CRP antibody coated latex particles, the reactive proteins were detected by an IgM immunonephelometric assay and the immunonephelometric CRP assay, showing 1 g/L IgM and 60 mg/L 'CRP', respectively, in the eluate. These results confirm that the protein has an affinity for the antibody coated latex particles in both immunonephelometric assays, might thus be the root cause of the interference and is possibly of IgM-origin.
The interfering protein was further studied by agarose gel electrophoresis (see Figure 1 ), followed by micellar e312 Verbeke et al.: Monoclonal immunoglobulin interference in immunonephelometry gold stain (Helena Laboratories, Newcastle, UK) [3] . Seven samples or sample fractions were subjected to agarose gel electrophoresis: (1) native patient's serum, (2) patient's serum depleted of CRP, (3) affinity-purified CRP of a human serum pool containing a high (>500 mg/L) CRP concentration, (4) PBS incubated with anti-CRP antibody-coated latex particles and eluted with glycine buffer (blank), (5) CRP-depleted patient's serum (see 2) incubated with anti-CRP antibody-coated latex particles, eluted with glycine buffer and four-fold concentrated, (6) PBS incubated with the latex CRP assay particles followed by acid elution (glycine buffer) (blank), and (7) CRP-depleted patient's serum incubated with the CRP latex particles followed by acid elution (glycine buffer). This agarose gel electrophoresis further adds to the evidence that CRP is not present in such high concentration in the patient's sample as believed by analyzing this serum with the nephelometric assay. It is clearly demonstrated that purified CRP is not present at the same position on the agarose gel as the purified 'CRP' originating from this patient. As previously observed by capillary electrophoresis, this patient had two additional M peaks in his serum and the latex IgM nephelometric assay provided evidence that this 'CRP' is in fact of Ig origin and not CRP. The involvement of one of the extrafractions was evidenced via immunosubstraction. Monoclonal anti-CRP antibody was added to native serum causing a shift in one of the extrafractions due to immune complex formation.
Immunonephelometry is a robust method for assaying serum CRP concentrations [1, 4] . The high sample dilution used in this assay makes analytical interferences unlikely. Although rheumatoid factor interference has determined by monoclonal immunonephelometric assay -Low to moderately elevated CRP concentration determined by polyclonal immunoturbidimetric assays (<20 mg/L) -Total protein: 74 g/L; presence of 2 small extra fractions on protein electrophoresis -No clinical signs of inflammation -Normal IgG (6.1 g/L) and IgA (1.8 g/L) and elevated IgM (4.0 g/L) -No other acute phase reactants (albumin 48 g/L; haptoglobin 1.8 g/L, ferritin <20 μg/L; transferrin 2.5 g/L; α 1 -acid glycoprotein 0.9 g/L) -Neither rheumatoid factor nor heterophilic antibodies been described in latex particle-based immunoassays [5] , in this particular case latex reactivity could be excluded as no interference was observed with other latex-enhanced nephelometric tests. In the present case, the false positivity of the immunonephelometric CRP test was caused by the presence of monoclonal immunoglobulin(s) in the patient's serum. The most common cause of analytical interference due to monoclonal immunoglobulins is caused by protein precipitation [6] . There is only one case report describing a monoclonal immunoglobulin interference in a polyclonal goat antibody-based CRP assay, in which the monoclonal nephelometric assay provided correct results [7] . However, in our case no precipitation could be observed. As the interfering protein does not bind p-aminophenyl phosphoryl choline, it does not have a biological CRP like function.
The latex-enhanced nephelometric CRP assays utilize monoclonal antibodies attached to latex particles. As evidenced by the immunoextraction experiment and the slower reaction rate observed during the nephelometric reaction, cross-reactivity of the patient's monoclonal immunoglobulin can explain the findings. Involvement of the extrafraction(s) was proven via immunosubstraction, causing a retention time shift. Although CRP has been widely assayed in clinical laboratories for many decades, this remarkable analytical interference has not been described before. As molecular variation amongst immunoglobulins is extremely high, there is always a chance for generating cross-reactivity. As the monoclonal antibodies used by the immunonephelometric CRP assay have a high specificity, the statistical chance for a monoclonal immunoglobulin to react with the monoclonal antibodies is very small. In general, monoclonal immunoglobulins are known to imply a risk for developing multiple myeloma (statistically about 1% of the patients progress to multiple myeloma per year) [8] . IgM monoclonal gammopathy of undetermined significance (MGUS) more specifically, implies a risk of progression towards neoplasms of lymphoid origin (approximately 1.5% per year), for example, Morbus Waldenström [9] . In Morbus Waldenström, patients might present with elevated CRP levels due to chronic inflammation caused by the IL-6 producing lymphoplasmacytic clones [10] .
In conclusion, unexplainable laboratory findings must always trigger the reflex of considering an analytical interference as evidenced by this remarkable case.
